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Description 

[NAND FLASH MEMORY CELL ROW, 
NAND FLASH MEMORY CELL ARRAY, 
OPERATION AND FABRICATION METHOD 

THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92129718, filed October 27, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] This present invention relates to a memory cell device, 

and more particularly to a NAND flash memory cell array, 
and operation and fabrication method thereof. 

[0004] Description of Related Art 

[0005] Flash memory device has superior multi-access character- 
istics, including write, read and erase data, and data is re- 
tained in the cell even when power to the flash memory is 



turned off. Therefore, flash memory has been broadly 
used as non-volatile memory device in personal comput- 
ers and other electronic appliances. 

[0006] a typical flash memory device is a stacked structure com- 
prising a tunnel oxide, a dielectric layer, floating gate and 
a control gate, both comprised of doped polysilicon. The 
control gate is disposed over the floating gate. The di- 
electric layer is disposed in between the control gate and 
the floating gate. The tunnel oxide is sandwiched between 
the floating gate and the substrate. 

[0007] | n order for flash memory to perform the "write" opera- 
tion, a bias voltage is applied to control gate and drain/ 
source regions, an operating voltage is applied to the 
control gate and the substrate is connected to the ground, 
so that the electrons are injected into floating gate and 
the charging status of the floating gate affects switch on/ 
off of the channel underneath, i.e. the on/off status of the 
channel serves to determine the data being "0" or "1". In 
order for the flash memory to perform an "erase" opera- 
tion, the voltage of the substrate and the drain/source re- 
gions or the control gate are raised relatively, so that 
electrons penetrates through the tunneling oxide layer via 
tunneling effect into the drain/source regions, and this 



phenomena is referred to as substrate erase or drain/ 
source side erase; or the electrons penetrates through the 
dielectric layer into the control gate. 
[0008] The flash memory array that is popularly used in the in- 
dustry includes a NOR gate array structure and a NAND 
array structure. Since a NAND array is structured with the 
memory cells connected in series, it can provide a higher 
storage density compared to the NOR array structure. 
However, in the NAND array the programming, reading, 
and erasing operations of memory cells are more compli- 
cated. Generally speaking, in a NAND array structure, pro- 
gram and erase operations are accomplished via F-N 
(Fowler-Nordheim) tunneling effect, in which electrons 
penetrates through the tunneling oxide layer into the 
floating gate, and the electrons are drawn into the sub- 
strate there-through. Therefore, since tunneling oxide 
layer is operated under high voltage, and therefore may 
get easily damaged and thereby the reliability of the de- 
vice is reduced. Besides, memory cells are connected in 
series in an array, some distributed reading current for in- 
dividual cell is relatively small, which lowers the operation 
speed, and thus, the efficiency of the device is down- 
graded. 



Summary of Invention 

[0009] Accordingly, the present invention is related to a NAND 
flash memory cell row, a NAND flash memory array and 
operation and fabrication method thereof. The process of 
fabricating the NAND array structure is simplified, the 
programming speed of the memory cell is increased and 
the efficiency of the memory cell is enhanced. 

[0010] | n an embodiment of the present invention, the structure 
of the NAND flash memory cell row, NAND flash memory 
cell array is capable of enhancing efficiency of the device 
and also capable of increasing the integration of the de- 
vice. 

[001 1] The NAND flash memory cell array comprises a plurality of 
gate structures. Each gate structure comprises at least a 
tunneling dielectric layer, a floating gate, an inter-gate di- 
electric layer, and a control gate. A plurality of doped re- 
gions is disposed in the substrate between the gate struc- 
tures respectively. The gate structures are connected in 
series. A plurality of erase gates is disposed over the 
doped regions respectively. A spacer is disposed between 
the gate structure and the erase gate. The Dielectric layer 
is disposed between the erase gate and the doped region. 
A first select gate and a second select gate are respec- 



tively disposed on the sidewalls of the outermost two gate 
structures. A select gate dielectric layer is disposed be- 
tween the substrate and the first select gate, the second 
select gate. A drain region is disposed on one side of the 
substrate of the first select gate apart from the outermost 
gate structure. A source region is disposed on one side of 
the substrate of the second select gate apart from the 
outermost gate structure. 
[0012] | n the aforementioned NAND flash memory cell row, an 
erase gate is disposed over the doped (source/drain) re- 
gions. Therefore, when the memory cells are performing 
erase operation, electrons are drawn from the floating 
gate to the erase gate via F-N tunneling effect, and thus 
are removed. Since electrons are removed via erase gate 
in the present invention, instead of being removed via the 
substrate by penetrating the tunneling oxide layer, deep 
n-well in the substrate is thus not required; moreover, 
exposed N-well region need not be formed in the periph- 
eral area of the memory cell array. A NAND flash memory 
cell array comprises a plurality of memory cells that is 
disposed two-dimensionally. Each of the memory cells in- 
cludes a plurality of gate structures, each gate structure 
includes tunneling dielectric layer, floating gate, inter- 



gate dielectric layer, and control gate, which are disposed 
on the substrate sequentially. A plurality of doped regions 
is disposed in the substrate between gate structures re- 
spectively, and the gate structures are connected in series. 
A plurality of erase gates is disposed between the gate 
structures and over the doped regions respectively. A 
spacer is disposed between the gate structure and the 
erase structure. The dielectric layer is disposed between 
the erase gate and the doped region. A first select gate 
and a second select gate are disposed respectively on 
sidewalls of the two outermost gate structures. A select 
gate dielectric layer is disposed between the substrate of 
the first select gate and the second select gate. A drain 
region is disposed in one side of the substrate of the first 
select region being not adjacent to outer gate structure. A 
source region is disposed in the substrate of the second 
select gate being not adjacent to outer gate structure. A 
plurality of word lines is arranged in parallel along 
columns, and couples to control gate of the gate structure 
within the same column. A plurality of bit lines is coupled 
to the drain regions of the first select gates respectively 
within the same column. A source line is coupled to the 
source regions of the second select gates respectively 



within the same column. A plurality erase gate lines is ar- 
ranged in parallel along columns, and couples to the erase 
gates within the same column. 

[0013] | n the foregoing NAND flash memory cell array, the erase 
gate is disposed over doped regions (source/drain re- 
gions), therefore when the memory cell is performing 
erase operation, electrons are drawn from the floating 
gate to the erase gate and removed therefrom via F-N 
tunneling effect. Since electrons are removed via erase 
gate in the present invention, instead of being removed 
via tunneling oxide, thus deep n-well need not be formed 
in the substrate. Moreover, exposed N-well region need 
not be formed on the peripheral area, and therefore this 
allows further integration of the device. An erase gate is 
jointly used by adjacent gate structures, thus this design 
does not consume additional chip space. 

[0014] The method of fabricating the NAND flash memory cell is 
provided is described as follows. A plurality of gate struc- 
tures is formed in a row over the substrate. The gate 
structure includes a tunneling dielectric layer, a floating 
gate, an inter-gate dielectric layer and a control gate, se- 
quentially formed on the substrate. Next, a dielectric layer 
is formed over the doped regions, and then a first spacer 



is formed on the sidewalls of the floating gate. Next, an 
erase gate is formed between the gate structures, and a 
second spacer is formed on the sidewalls of the two out- 
ermost gate structures. Thereafter, a select gate dielectric 
is formed over the substrate, and a first select gate and a 
second select gate are formed on the sidewall of the sec- 
ond spacer. A source/drain region is formed in the sub- 
strate of the first select gate and the second select gate 
being not adjacent to the gate structure. Next, a source 
line is formed on the substrate connecting the source re- 
gions. 

[0015] | n the foregoing description, the erase gate is formed over 
the doped regions (i.e. source/drain regions, between 
gate structures). Therefore, when memory cells perform 
erase operation, electrons are drawn from the floating 
gate to the erase gate via F-N tunneling effect. 

[0016] Moreover, deep N-well and the exposed N-well regions on 
the peripheral area need not formed, and therefore, this 
allows further increase in the integration of the device. 
Besides, an erase gate is jointly used directly by adjacent 
two gate structures, thus this design will not increase 
space occupation on the chip. Furthermore, the floating 
gate is comprised of a polycrystalline layer doped with ar- 



senic, thus by forming inter-gate dielectric between float- 
ing gate and the erase gate, a circular shaped erase gate 
can be formed for providing better erase operation. 

[0017] A n operating method of the NAND flash memory cell array 
is also provided in the present invention. For program op- 
eration, a zero voltage is applied to the selected bit line, a 
first voltage is applied to a non-selected bit line, a second 
voltage is applied to the first gate line, a third voltage is 
applied to the word line that is coupled to the selected 
memory cell, and a fourth voltage is applied to the non- 
select bit line, so as to program the selected memory cell 
via F-N tunneling effect. For read operation, a fifth voltage 
is applied to the selected bit line, a sixth voltage is ap- 
plied to the first select gate line, a zero voltage is applied 
to the word line coupling to the selected memory cell, a 
seventh voltage is applied to the non-selected word line 
so as to read the memory cell. For erase operation, an 
eighth voltage is applied to the erase gate line, which 
voltage differs to the substrate voltage by an amount suf- 
ficiently inject electrons to the floating gate of the mem- 
ory cell, so that electrons are removed via erase gate, as 
well as the entire memory cell array. 

[0018] According to an embodiment of the present invention, 



during the operation of the NAND flash memory cell array, 
electrons penetrate the tunneling dielectric layer and are 
injected into the floating gate via F-N tunneling effect, so 
as to program the memory cell. On the other hand, elec- 
trons are drawn from the floating gate penetrating the in- 
ter-gate dielectric and are injected into erase gate via F-N 
tunneling effect, so as to erase the memory cell. Since 
amount of electron penetration through the tunneling di- 
electric layer is substantially reduced, and therefore the 
lifetime or the service life of the tunneling dielectric layer 
can be further extended, and also reliability of the device 
can be enhanced. Moreover, since electrons injections via 
F-N tunneling effect provides higher efficiency, therefore 
the operating current is reduced and thereby the operat- 
ing speed is increased. Furthermore, since programming 
and erasing are accomplished via F-N tunneling effect, 
therefore the overall power consumption is reduced. 
[0019] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 
appended claims. 



Brief Description of Drawings 

[0020] piqj j S a circuit diagram illustrating a NAND flash memory 
cell array according to one embodiment of the present in- 
vention. 

[0021] piq 2 is cross section view of a NAND flash memory cell 
array according to one embodiment of the present inven- 
tion. 

[0022] piq 3 A i Q 3g are cross section views of a NAND flash mem- 
ory cell array illustrating progression of process steps ac- 
cording to one embodiment of the present invention. 
Detailed Description 

[0023] pjQ m i shows a circuit diagram of a NAND flash memory 

cell array according to one invention of the present inven- 
tion. Three rows of NAND memory cells are exemplary in 
this embodiment for following description. 

[0024] Referring to FIG. 1, a NAND flash memory cell array in- 
cludes a plurality of select transistors STal~STa3 and 
STbl~STb3, a plurality of memory cells Qal~Qd3, a plu- 
rality of word lines WL1~WL4, two select gate lines SGI 
and SG2, bit lines BL1~BL3 and erase gate lines EG1~EG3. 

[0025] The memory cell Qal~Qdl are arranged in a row, and are 
connected in series between the select transistor STal and 



the select transistor STbl. The memory cell Qa2~Qd2 are 
arranged in a row, and are connected in series between 
the select transistor STa2 and the select transistor STb2. 
The memory cells Qa3~Qd3 are arranged in a row, and are 
connected in series between the select transistor STa3 and 
the select transistor STb3. 

[0026] a plurality of word lines are arranged in parallel along the 
columns, and a word line of a column is connected to the 
gates of the memory cells in the same column. That is, the 
gates of the memory cells Qal~Qa3 in the first column are 
coupled to the word line WL1. The gates of the memory 
cells Qbl~Qb3 in the second column are coupled to the 
word line WL2. The gates of the memory cells Qcl~Qc3 in 
the third column are coupled to the word line WL3. The 
gates of the memory cells Qdl~Qd3 in the fourth column 
are coupled to the word line WL4. 

[0027] The gates of the select transistors STal~STa3 are coupled 
to the select gate line SGI. The drains of the select tran- 
sistors STal~STa3 are respectively coupled to the bit lines 
BL1 ~BL3. The gates of the select transistors STbl~STb3 
are coupled to the select gate line SGI. The sources of the 
select transistors STbl~STb3 are coupled to the source 
line SL. An erase gate is disposed between two adjacent 



memory cells in the same row, that is, erase gates 
Eal~Ecl are disposed between Qal~Qdl; erase gates 
Ea2~Ec2 are disposed between Qa2~Qd2; and erase gates 
Ea3~Ec3 are disposed between Qa3~Qd3. A plurality of 
erase gate lines is arranged in parallel along the columns, 
and an erase gate line of a column is coupled to the erase 
gates of the same column. That is, the erase gates 
Eal~Ea3 are coupled to the erase gate line EG1 in the first 
column, the erase gates Eb2~Eb2 are coupled to the erase 
gate line EG2 in the second column, and the erase gates 
Ecl~Ec3 are coupled to the erase gate line EG3 in the third 
column. 

[0028] The programming, erasing and reading operations of the 
NAND flash memory cell array is described taking the 
memory cell Qb2 with reference to FIG. 1 and table 1. 
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[0029] 



Referring to FIG. 1 again, for programming operation, 



bias voltage +V , for example, about 10 to 20 volts, is 

gp 

applied to the select word line WL2. A bias voltage +V , 

g 

for example, about 5 to 7 volts, is applied to non-selected 
word lines WL1, WL3 and WL4 to turn on the channels of 
the non-selected memory cells. A bias voltage +V , for 
example, 10 to 20 volts, is applied to the select gate lines 
SGI to turn on the channels of the select transistors 
STal~STa3. Thus the bit lines BL1~BL3 are respectively 
electrical coupled to the memory cells Qal~Qdl, the 
memory cells Qa2~Qd2 and the memory cells Qa3~Qd3. 
The select gate line SG2 is biased to, for example, a zero 
voltage. The selected bit line BL2 is biased to a zero volt- 
age. A bias voltage +V , for example, 5 to 7 volts is ap- 

b 

plied to the non-selected bit lines BL1 and BL3. The 
source line SL is biased to zero voltage. The erase gate 
lines EG1~EG3 are biased to zero voltage. Under the above 
condition, a large field is built up between the floating 
gate of the selected memory cell Qb2 and the substrate, 
so that the electrons penetrate into the floating gate via 
F-N tunneling effect. 
[0030] During the foregoing programming step, the word line 
WL2, which is jointly used by the memory cells Qbl and 
Qb3, is not programmed. This is because the non-se- 



lected bit lines BL1 and BL3 are biased to 5 to 7 volts, and 
therefore this high voltage potential between the floating 
gate and the substrate functions as a shield against the F- 
N tunneling effect, thus the programming of the memory 
cells Qbl and Qb3 can be prevented. 

[0031] Furthermore, the non-selected word lines WL1, WL3 and 
WL4 are biased to 5 to 7 volts for turning on the channels 
of the memory cells and not for inducing F-N tunneling 
effect. Therefore, the memory cells Qal~Qa3, Qcl~Qc3 
and Qdl~Qd3 coupled to the non-selected word lines 
WL1, WL3 and WL4 during the aforementioned program- 
ming step are not programmed. 

[0032] | n the foregoing descriptions, a single memory cell in the 
memory cell device is treated as a unit for programming. 
In the present embodiment, the NAND flash memory cell 
array can be programmed by controlling each of the word 
lines, the select gate lines and the bit lines for program- 
ming a byte, a section or a block as a unit. 

[0033] For reading data from the memory cell Qb2, a bias voltage 
+V , for example, about 5 to 7 volts, is applied to the se- 

st 

lect gate line SGI to turn on the channels of the transis- 
tors STal~STa3 so that the bit lines BL1~BI3 couple to the 
memory cells Qal~Qa3. A bias voltage +V , for example, 



about 5 to 7 volts, is applied to the select gate line SG2 to 
turn on the channels of the transistors of STbl~STb3 so 
that the source line SL couples to the memory cells 
Qdl~Qd3 respectively. A bias voltage Vdr, for example, 1 
to 2 volts, is applied to the selected bit line BL2 and the 
non-selected bit line BL1 and BL3 are biased to zero volt- 
age. The selected word lines WL2 is biased to about zero 
voltage, and a bias voltage V , for example, about 5 to 7 
volts, is applied to the other none-selected word lines 
WL1, WL3 and WL4 to turn on the channels of the memory 
cells. The erase gate lines EGl~Eg3 are biased to zero 
voltage. The channels of the memory cells are turned off 
when the floating gates thereof have charges and the cur- 
rent flowing there-through is small. On the other hand, 
the channels of the memory cells are turned on when the 
floating gates thereof do not have charges and the current 
flow there-through is large. This condition will allow de- 
termining whether the digital data in the memory cell is 
logic 1 or logic 0 by determining the on/off status of the 
channel on/off and the corresponding large/small current 
density. 

[0034] | n th e foregoing descriptions, a single memory cell is op- 
erative in the memory device array, yet the data stored in 



the NAND flash memory cell array in the present invention 
can be read by controlling each of the word lines, the se- 
lect gate lines and the bit lines to read the data present in 
a byte, a section or a block as a unit. 
[0035] Hereafter, an ERASE operation of the NAND flash memory 
cell array according to an embodiment the present inven- 
tion is described. According to Table I, the ERASE method 
of the present invention is exemplary for the entire NAND 
flash memory cell array. 

[0036] For ERASING the memory cells, a bias voltage +V , for 

ge 

example, about 10 to 20 volts is applied to all erase gate 
lines EG1 to EG3. The source line SL, the word lines 
WL1~WI4, the bit lines BL1-BL3 and the select lines 
SG1~SG2 are floated. Therefore, by applying the voltage 
between the erase gate and the floating gate, a large elec- 
tric potential is built so that electrons penetrate through 
the inter-gate dielectric layer between the erase gate and 
the floating gate via F-N tunneling effect into the erase 
gate where the electrons combine with the holes present 
therein. 

[0037] According to another embodiment of the present inven- 
tion, the NAND flash memory cell array can be erased by 
controlling each of the erase gate lines, wherein data 



present in a section or a block is treated as a unit. For ex- 
ample, if the erase gate EG1 is selected to be erased, only 
data in memory cells Qal~Qa3, and Qbl~Qb3 are re- 
moved. That is, the data in two memory columns that 
jointly use the same erase gate line will be erased. 

[0038] Moreover, when the NAND flash memory cell array is in 

operation, electrons penetrating through the tunneling di- 
electric layer via F-N tunneling effect into the floating gate 
is for PROGRAMMING the memory cells. Whereas, elec- 
trons that penetrate through the inter-gate dielectric layer 
from the floating gate to the erase gate via F-N tunneling 
effect is for ERASING the memory cells. Since compara- 
tively lesser electrons penetrate through the tunneling di- 
electric, and therefore the lifetime of tunneling dielectric 
layer can be extended, and also the reliability of the de- 
vice is increased. Because electron injection efficiency is 
higher via F-N tunneling effect during PROGRAM opera- 
tion, the current of the memory cell is lowered, and there- 
fore operating speed is enhanced. Furthermore, as both 
the PROGRAM and ERASE operations are accomplished via 
F-N tunneling effect, and therefore the overall power con- 
sumption of the memory device is accordingly reduced. 

[0039] Hereafter, a structure of the NAND flash memory cell array 



according to an embodiment of the present invention is 
described. 

[0040] piQ m 2 is a cross-sectional diagram illustrating a structure 
of the NAND flash memory cell array according to an em- 
bodiment of the present invention. A source line jointly 
used by two rows of memory cells is illustrated in FIG. 2, 
where one row includes four memory cells. In the follow- 
ing description, only one memory cell is considered. 

[0041] Referring to FIG. 2, the structure of the NAND flash mem- 
ory cell array comprises at least a substrate 100, a P-well 
region 102, a plurality of gate structures I04a~l04d, a 
doped region (source/drain) 120, a plurality of erase gates 
H2a~l22c, a dielectric layer 124, a spacer 126, select gates 
I28a~l28b, select gate dielectric layer 130, source region 
132, a drain region 134, an inter-layer dielectric layer 136, 
a plug 138, and a source line 140. 

[0042] The substrate 100 is a silicon substrate, for example, and 
the P-well regionl02 is disposed in the substrate 100. 

[0043] The gate structures I04a~l04d are formed over the sub- 
strate 100. Each of the gate structures I04a~l04d com- 
prises a tunneling dielectric layer 106, a floating gate 108, 
a inter-layer dielectric layer no and a control gate 112 se- 
quentially. A spacer 114 is disposed covering a top and 



sidewalls of each of the gate structures I04a~l04d of the 
control gate 112, for example. A spacer 116 is disposed on 
the sidewalls of the floating gate 108, for example. 

[0044] a plurality of doped regions (source/drain regions) 120 are 
disposed in the substrate 100 between the gate structures 
I04a~l04d, for example, and the gate structures I04a~l04d 
are connected in series. 

[0045] The dielectric layers 124 are disposed at over the doped 
regions (source/drain regions) 120, that is, over the sub- 
strate 100 between the gate structures I04a~l04d. The 
spacer 126 is disposed on the sidewalls of the gate struc- 
tures 104a and 104d. 

[0046] a plurality of erase gates I28a~l28b are disposed over the 
doped regions (source/drain regions) 120 between the 
gate structures I04a~l04d, for example. Wherein the di- 
electric layer 124 is disposed between the erase gate l22a~ 
122c and the doped region (source/drain regions) 120. 

[0047] The select gate 128a and the select gate 128b are respec- 
tively disposed on the sidewalls of the outermost gate 
structures 104a and I04d. The select gate dielectric layer 
130 is disposed between the select gate 128a (select gate 
128b) and the substrate 100. 

[0048] The source region 132 is disposed adjacent to the select 



gate 128b in the substrate 100 apart from the gate I04d. 

[0049] The inter-layer dielectric layer 136 is disposed over the 
substrate 100 covering the NAND flash memory cell. The 
plug 138 is formed in the inter-layer dielectric layer 136 
connecting to the source region 132. A source line 140 is 
disposed over the inter-layer dielectric layer 136, and is 
coupled to the source region 132 via the plug 138. 

[0050] | n the foregoing NAND flash memory cell, the erase gates 
I22a~l22c are disposed over the doped regions 
(source/drain regions) 120. Therefore, when the memory 
cells are performing the ERASE operation, electrons are 
drawn from the floating gate into the erase gates I22a~ 
122 c. 

[0051] Compared to the conventional scheme, the electrons are 
drawn from the erase gates instead of the substrate via 
tunneling oxide, and therefore the deep N-well region in 
the substrate or the exposed N-well region on peripheral 
of the array are required. Thus, the structure of the NAND 
memory cell according to the present invention allows 
further integration of the device. 

[0052] Moreover, one of the erase gates I22a~l22c is jointly used 
by adjacent gates structures of the gate structures 104a- 
I04d, thus the structure of the flash memory cells do not 



occupy extra space. 

[0053] | n the foregoing embodiment, four memory cell structures 
are connected in series by a bit line, as an example 
herein. However, it is to be understood that in actual 
practice, for example, on bit line is able to connect 32 to 
64 memory cell structures. 

[0054] Hereinafter a method of fabricating a NAND flash memory 
cell array is described with reference to FlGs. 3A and 3G. 
Moreover, the FlGs. 3A and 3G are described in the light of 
the fabrication process of the active regions. 

[0055] Referring to FIG. 3A, a substrate 200 is provided, wherein a 
device isolation structure is formed (not shown) in the 
substrate in order to define the active regions. A P-well 
region 202 is formed in the substrate 200. Thereafter, a 
tunneling dielectric layer 204 is formed over the surface of 
the substrate 200. For example, the tunneling dielectric 
layer 204 comprises a silicon oxide layer. For example, the 
tunneling dielectric layer 204 is formed by performing a 
thermal oxidation process. For example, the thickness of 
the oxide is about 85 A to 110 A. 

[0056] Moreover, a conductive layer 206 is formed over the tun- 
neling dielectric layer 204. For example, the conductive 
layer 206 is comprised of multiple strips. For example, the 



material of the conductive layer 206 is comprised of a 
doped polysilicon layer. For example, the conductive layer 
206 is formed by first forming a layer of un-doped polysil- 
icon over the tunneling dielectric layer 204 via chemical 
vapor deposition (CVD), and then implanting suitable ions 
into un-doped polysilicon layer. A thickness of the con- 
ductive layer 206 is, for example, about 200 A to 500 A, 
and the ions implanted into the un-doped polysilicon 
layer is, for example, arsenic. 
[0057] Referring to FIG. 3B, an inter-gate dielectric layer 208 is 
formed over the substrate 200. For example, the inter- 
gate layer 208 is comprised of a silicon oxide/silicon ni- 
tride/silicon oxide (ONO) composite layer, and the thick- 
ness of each of the layers ONO composite layer are 50 A 
to 80 A, 40 A to 70 A, and 30 A to 60 A, respectively. The 
inter-gate dielectric 208 is formed, for example, by first 
forming a silicon oxide layer via thermal oxidation, fol- 
lowed by forming a silicon nitride layer via CVD, and then 
oxidizing a portion of the nitride silicon layer using H 2 /0 2 
gas to form a silicon oxide layer. On the other hand, the 
inter-gate layer 208 can be comprised of a silicon oxide/ 
silicon oxide/silicon nitride (OON) composite layer, and 
the like. 



[0058] Next, a plurality of control gates 210 is formed over the 
inter-gate dielectric layer 208. The control gates can be 
formed, for example, by first forming a conductive layer 
over the inter-gate dielectric layer 208 (not shown), and 
then the conductive layer is patterned via well known 
photolithography and etching process. The conductive 
layer 210 is comprised of, for example, doped polysilicon, 
which can be formed, for example, by forming an un- 
doped polysilicon layer via chemical vapor deposition pro- 
cess and then doping suitable ions therein (in-situ ion 
doping). The patterned photoresist layer is stripped or re- 
moved (not shown). 

[0059] Thereafter, an insulating layer 212 (spacer) is formed cov- 
ering a top and sidewalls of the control gates 210. The in- 
sulating layer 212 (spacer) is, for example, comprised of a 
silicon oxide layer. For example, the silicon oxide layer is 
formed by performing a thermal oxidation process. Alter- 
natively, the insulating layer 212 (spacer) can also formed 
by first depositing an insulating layer, removing a portion 
of insulating material by an etching process a remaining 
portion of the insulating material over the top and the 
sidewalls of the control gates 210. Further, a cap layer may 
be formed on top of the control gates 210 (not shown), 



and a spacer may be formed on the sidewalls of the con- 
trol gates 210. 

[0060] Referring to FIG. 3C, using the control gates 210 and the 
insulating layer 212 (spacer) as a mask portions of the in- 
ter-gate dielectric layer 208, the conductive layer 206 and 
the tunneling dielectric layer 204 not covered by the con- 
trol gates 210 and the insulating layer 212 are etched and 
removed, so that the remaining portions of the inter-gate 
dielectric layer 208a the conductive layer 206a and tunnel- 
ing dielectric layer 204a are formed underneath the control 
gates 210. Wherein the conductive layer 206a serves as 
floating gate. That is, the control gate 210, the inter-gate 
dielectric layer 208a, the conductive layer (floating gate) 
206a and the tunneling dielectric layer 204a (tunneling ox- 
ide layer) constitute a gate structure 214. Thereafter, a 
patterned mask 216 is formed over the substrate 200 to 
expose predetermined regions of the substrate 200. Next, 
using the patterned mask 216 and the gate structure 214 
serve as a mask, ions implanted into the exposed region 
of the substrate 200 to form doped regions 218 
(source/drain regions) between the gate structures 214. 

[0061] Referring to FIG. 3D, the patterned mask 216 is removed, 
the dielectric layer 220 is formed over the doped region 



(source/drain regions) 218 between the gate structures, 
and a dielectric layer 224 isformedover the substrate 200, 
and an insulating layer (spacer) 222 is formed on the side- 
walls of the conductive layer 206a (floating gate). Wherein, 
the insulating layer (spacer) 222 serves as inter-gate di- 
electric layer between the floating gate and the erase gate, 
which is subsequently formed. The dielectric layer 220, the 
dielectric layer 224, and the insulating layer (spacer 222) 
are, for example, comprised of silicon oxide, and the di- 
electric layer 220, the dielectric layer 224 and the insulat- 
ing layer (spacer) 222 are formed by performing a thermal 
oxidation process. For example, a thickness of the dielec- 
tric layer 220 is about 330 A, and preferably in a range of 
300 A to 500 A. 

[0062] Referring to FIG. 3E, a conductive layer 226 is formed over 
the doped region 218 (source/drain region), that is, be- 
tween the gate structures 214. The conductive layer 226 
serves as an erase gate. For example, the material of the 
conductive layer 226 is comprised of doped polysili- 
con.The conductive layer (doped polysilicon) is formed 
over the substrate 200 by performing a chemical vapor de- 
position process and in-situ ion doping process. It is to 
be noted any excess conductive layer 226 over gate struc- 



tures 214 is removed. 

[0063] Thereafter, a spacer 228 is formed on the sidewalls of the 
two outermost gate structures 214. The spacer 228 in- 
cludes, for example, by forming a high temperature oxide 
(HTO) layer, and then removing a portion of the HTO in an 
anisotropic etching process, wherein a portion of the di- 
electric layer 224 is also removed during anisotropic etch- 
ing process as shown in the FIG. 3E. 

[0064] Referring to the FIG. 3F, a patterned mask 230 is formed 
over the substrate 200 covering the conductive layer 226. 
Thereafter, a select dielectric layer 232 is formed over the 
substrate 200. The select dielectric layer 232 is, for exam- 
ple, comprised of silicon oxide layer, and a thickness of 
which is, for example, about 90 A to 100 A. The select di- 
electric layer 232 comprises, for example, a thermal oxide 
layer. 

[0065] Further, a conductive layer 234 is formed on the sidewalls 
of the two outermost gate structures 214. The conductive 
layer 234 is, for example, comprised of doped polysilicon. 
The conductive layer 234 is formed, for example, via CVD 
and ion implantation (not shown). Thereafter, an 
anisotropic etching process is performed to remove any 
excess portion of the conductive layer 234. Wherein the 



conductive layer 234 serves as the select gate of the mem- 
ory cell. 

[0066] Referring to FIG. 3G, a source region 236 and a drain re- 
gion 238 are formed in the substrate 200. The source/ 
drain regions 236/238 are formed by performing an ion 
implantation process using patterned mask 230 and the 
conductive layer 234 as a mask. Thereafter, the patterned 
mask 230 isremoved; and then an inter-layer dielectric 
layer 240 is formed over the substrate 200. Next, a plug 
242 is formed in the inter-layer dielectric layer 240 for 
electrically coupling the source region 236, and thereafter, 
a conductive line (source line) is formed over the inter- 
layer dielectric layer 240. Subsequently, other down- 
stream-processing can be carried out, detailed descrip- 
tion of which are skipped herein. 

[0067] | n t he foregoing embodiment, an erase gate is formed on 
the doped region (source/drain region). Therefore, when 
the memory cells performs an erase operation, electrons 
are drawn from the floating gate to the erase gate via F-N 
tunneling effect. 

[0068] Moreover, the deep N-well is not required in the substrate 
according to the present invention, thus exposed N-well 
on array peripheral is neither required, and device is more 



integrated accordingly. Furthermore, an erase gate is 
jointly used by adjacent gate structures; thus volume of 
the flash memory cells is not increased. On the other 
hand, for the floating gate is made of polysilicon doped 
with arsenic, it is beneficial in forming the floating gate 
and inter-gate dielectric of the after-process erase gate 
with a circular shape for erase operation. 
[0069] | n the foregoing embodiment of the present invention, 
only four memory cells are shown as an example to de- 
scribe the structure of the NAND memory cell array. How- 
ever, it is to be understood that in practical application, 
the number of the memory cells variable. For example, a 
bit line can be serially connected to 32 to 64 memory cell 
structures. 

[0070] The above description provides a full and complete de- 
scription of the embodiments of the present invention. 
Various modifications, alternate construction, and equiva- 
lent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention, which is de- 
fined by the following claims. 



